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Abstract: A new series of pure and
highly soluble oligodiacetylenes
(ODAs) was synthesized in high yield
and on a multi-milligram scale by a se-
quence of Sonogashira reactions with a
strongly reduced level of homocou-

for the longest members of the series
at micromolar concentration. This re-
veals that the longest wavelength ab-
sorption observed for PDA chains (A,
up to 700 nm) is due to aggregation ef-
fects. The fluorescence quantum yield

increased from monomer to trimer and
decreased for longer ODAs. A similar
trend is found for the lifetime of fluo-
rescence with a maximum of 600 ps for
the trimer. The observed linearity of
the rotational correlation time with the

pling. The 4., and &, of these ODAs
show an increase with both chain elon-
gation and solvent polarity. A plot of
Amax absorption versus 1/CL (CL=con-
jugation length) was shown to be
linear. The A,, converges to 435 nm

lenes

Introduction

Over the last decade there has been a tremendous growth of
interest in the optoelectronic properties of conducting poly-
mers."? These polymers with linearly m-conjugated scaffolds
possess unique properties such as photoconductivity and
third-order nonlinear optical properties.” Most of the con-
jugated polymers are, however, heterogeneous in conjuga-
tion length, which hampers systematic studies of their opto-
electronic properties. Moreover, the processing and charac-
terization of these polymers can be difficult due to a low sol-
ubility in organic solvents. Therefore the dependence of the
optoelectronic properties on the chain length deserves fur-
ther clarification for many types of conjugated materials.
To obtain further insight into the consequences of extended
m-conjugation, homologous series of monodisperse ana-
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oligomer length implies that the ODA
chains in solution lack significant geo-
metrical changes. This implies that the
ODAs in solution are fully stretched
molecular rods of up to 4 nm in length.

fluores-

optical

logues can be investigated as a function of the chain
length.™) Such well-defined oligomers function as model
systems to determine the evolution of the electronic, optical,
thermal, and morphological properties of the corresponding
polymeric materials.

Current research on the basic features of conjugated poly-
mers is mostly devoted to the study of oligoenes, " oligo-
thiophenes,>™®  oligoarylenevinylenes,'**!  oligoarylene-
ethynylene,?! iso/cis-oligodiacetylenes (iso/cis-ODAs),>2%]
and oligotriacetylenes.***" However, systematic investiga-
tions of the synthesis and optoelectronic properties of
monodisperse all-trans-oligodiacetylenes (or trans-oligo-
enynes) still remain very scarce. This is remarkable consider-
ing that polydiacetylenes (PDAs) figure prominently in cur-
rent research on electronically conducting polymers (>1500
publications since 1990F") and are of interest as nonlinear
optical materials.**? Such PDA molecular wires can act as
a channel to transfer charges between sites in a molecular
electronic device.”>*! Moreover, PDAs are unique due to
their formation by topochemical polymerization from crys-
talline diacetylenes,”® resulting in quasi one-dimensional or-
ganic quantum wires.®**¥! During this process PDA chains
are formed in the presence of neighboring parallel conjugat-
ed backbones. Although this may give PDAs some of their
unique properties, it also blurs the distinction between intra-
chain and inter-chain effects. The synthesis of a systematic
series of monodisperse all-frans-oligodiacetylenes as model
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compounds for isolated PDA chains is therefore needed to
clarify this distinction, as they can be studied both in isolat-
ed form (at micromolar concentrations in solution) and with
adjacent conjugated chains (in thin films of pure com-
pound). Therefore all-trans-oligodiacetylenes (ODAs) can
function as models for a more detailed understanding of the
effects of the conjugation length on the optoelectronic prop-
erties of PDAs.

The first syntheses of ODA series ran up to penta- and
heptamers,***! but the low solubility of the higher ana-
logues prevented a proper spectroscopic characterization.
This was improved somewhat in the mid-1990s, with the
synthesis of a series of ODAs with fert-butyl endgroups that
allowed a more detailed spectroscopic analysis.*"l However,
cis/trans isomerization of oligodiacetylenes during the syn-
thesis by means of a Peterson-olefination reaction again
hampered systematic investigations.">*) Short trans-ODAs
bearing phenyl and trimethylsilyl endgroups have also been
synthesized as part of a m*>-complex with cobalt and molyb-
denum but only UV spectroscopic measurements were per-
formed.™ !

Polhuis et al. used the Sonogashira coupling of terminal
acetylenes with trans-1,2-dichloroethene to prepare series of
ODAs ranging from monomer up to trimer with different
endgroups.®! However, the instability of terminal acetyl-
enes, which resulted in polymerization or homocoupling re-
actions, prevented the formation of longer analogues. Yet,
sufficient amounts of oligomer were isolated up to the
trimer, to allow detailed photophysical studies of those ma-
terials."**1 Recently, Takayama et al. reported a synthetic
approach to produce a soluble series of ODAs up to a pen-
tamer.***’l The key step in this elongation method was the
Sonogashira coupling of 1-iodo-4-trimethylsilylbut-1-en-3-
yne with terminal acetylenes. The use of two equivalents of
the halogenated diacetylene was required to partially sup-
press the formation of the homocoupling product of the ter-
minal acetylenes. Nevertheless, even under these reaction
conditions, 10-20% of the homocoupling product was
always found in the reaction mixture along with the starting
material. Although synthetically this opened the door to-
wards further studies, the spectroscopic characterization of
these ODAs was limited to NMR, IR, and UV/Vis steady-
state absorption spectroscopic measurements.

In this study we present an optimized method to synthe-
size highly soluble ODAs 1-n, from monomer 1-1 to octa-
mer 1-8 (Scheme 1) in high yields (70-80%). This allows,
for the first time, the synthesis of significant amounts of
these oligomers and detailed photophysical studies. There-

Scheme 1. Retrosynthetic approach for ODAs 1-n under present study
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fore, we can also report on the optical absorption and emis-
sion features of these materials by using both steady-state
and picosecond time-resolved techniques, which allows dis-
cussion of a long-standing issue in the literature regarding
PDAs, namely the origin of the visible light absorption of
those polymers.F!

Results and Discussion

Synthesis of all-trans-Oligodiacetylenes: Our approach to
synthesize a series of ODAs 1-n (Scheme 2) required a
simple preparation of enyne 2 equipped with two different
alkyl side chains. Two complementary ways to enhance the
solubility and to retain the m-overlap between the subunits
of the oligodiacetylenes were applied: a) tert-methoxy and
trimethylsilyl groups at both ends of the conjugated chain,
and b) short alkyl chains with different sizes on the repeat-
ing units.

<
| Pr Si<
—Si— a Pr
* — ~ Ti(0-Pr)
Il = ’
_SI"_ _Si~
\
3 4 5
b l
sl'
\ Pr P !
—si=—_ | ¢ S
| Si— |
- N
7 60% (atb+c) —Sli—
6
d J 96%
| Pr | Pr
—Sji—< \ | e —Si——
| Si— 75% | \ |
Bu I Bu
8 2

Scheme 2. Synthesis of building block 2. Reagents: a) Ti(OiPr),, iPrMgCl;
b) L; c¢) pyrrolidine; d) nBuLi, nBul; e) N-iodosuccinimide.

The building block enyne 2 was synthesized by using the
multistep method shown in Scheme 2. The regioselective
coupling®**! between terminal acetylene 3 and internal
acetylene 4 followed by iodination of titanium complex 5
and subsequent elimination of iodine was performed on a
multi-gram scale to provide iododiacetylene 7 in a good
overall yield (60%).%*1 Alkylation step (Scheme 2, d) is
performed by using nBuLi/nBul to provide diacetylene 8 in
excellent yield (96%). We found that the use of the nBuLi
reagent instead of a tertiary lithium salt*® improved the
yield of the desired product oligodiacetylenes by in situ for-
mation of the alkylating reagent, n-butyl iodide.”” The for-

Chem. Eur. J. 2008, 14, 7939 -7950


www.chemeurj.org

all-trans-Oligodiacetylenes

mation of this compound close to the reaction site speeds up
the conversion, and prevents the occurrence of otherwise-
competing reactions. As a result, the formation of a proton-
ated analogue of 7 is completely suppressed, however, this is
not the case when BuLi and nBul are used.”!! Moreover,
other commercially available or easily prepared organolithi-
um salts may be utilized for this alkylation step, which pro-
vides a general route to variation in the side chain length.
For example, we used n-heptyllithium and z-heptyl bromide
to prepare diacetylene 8a with trans-propyl and heptyl side
chains in nearly identical yields (Scheme 3), but since fur-
ther development of this synthesis was beyond the scope of
this study we have consistently used building block 2. The
iodination step is performed with N-iodosuccinimide, which
provides enyne 2. The final purification of this apolar com-
pound requires the use of reversed-phase silica material to
remove any traces of the side products.

L nHepLi, n-C,H,gBr —S‘i
Si— 88%

Scheme 3. Alkylation of iododiacetylene 7 with n-heptyllithium.

Enyne 2 is catalytically coupled with 2-methylbut-3-yn-2-
ol by a Sonogashira coupling,®® which results in the forma-
tion of enediyne 9 bearing two different endgroups
(Scheme 4). To increase the stability of the radical cations of
these conjugated materials (studies to be published else-
where) the tertiary hydroxy endgroup was transformed
into the redox-insensitive methoxy group. Direct methyl-
ation of hydroxy trans-oligodiacetylenes with NaH and Mel
resulted in the almost quantitative formation of methoxy an-
alogues. These were subsequently subjected to protodesilyl-
ation in an alkaline environment (Scheme 4). The difference
in reactivity against, for example, nucleophilic attack be-
tween these two endcaps made it possible to remove selec-
tively only the TMS group to prepare a terminal acetylene
(10-n), which could be subjected to the following chain-elon-
gation step by an iterative coupling with building block 2.
Moreover, the choice of the polar, methoxy-containing
endcap is highly useful as it increases the polarity of the
ODAs and longer analogues and allows easy purification.

The iterative elongation steps of the ODA chain, such as
the formation of dimers and trimers, are subsequently ach-
ieved by using the Sonogashira coupling reactions, and have
been optimized in our laboratory to achieve very good over-
all yields and suppression of the formation of the main side
product. It is known that the use of copper(I) salts as co-cat-
alysts in the Sonogashira coupling promotes the formation
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Scheme 4. Iterative synthesis of all-trans-oligodiacetylenes through Sono-
gashira coupling.

of homocoupled ODA analogues 11-n (Scheme 5).13447)
This copper-catalyzed oxidative homocoupling reaction has
been widely applied in the synthesis of bisacetylenes.™!
However, the homocoupling is very undesirable for ODA
synthesis because it consumes the terminal acetylene and re-
duces the yield of cross-coupled product dramatically. We
succeeded in suppressing this homocoupling to about 5
mol % by the use of a large excess of 2, up to 10 equivalents,

10-n

homocoupling

11-n

Scheme 5. Catalytic coupling of ODAs under Sonogashira conditions
yielding cross-coupled and homocoupled ODAs. Reagents: [Pd(PPh;),],
Cul, Et,NH, THF.
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under a reductive atmosphere of a 1:1 mixture of Hy/Ar. In
this reaction, iodoenyne 2 was recovered quantitatively after
each elongation step, which allowed the use of this large
excess. A similar procedure for the Sonogashira coupling,
which used a diluted atmosphere of hydrogen gas was re-
cently published by Elangoven et al.’) Other methods, such
as the copper-free Sonogashira coupling published by Ur-
gaonkar et al.®® proved to be unsuitable for the synthesis of
trans-oligodiacetylenes bearing TMS endgroups, as the insta-
bility of the TMS group against attack from a nucleophilic
base such as tetrabutylammonium acetate resulted in poly-
merization of the ODAs.

Steady-state optical absorption in solution: The excellent
solubility of the synthesized ODAs, which is largely a conse-
quence of the laterally appended alkyl chains, allowed us to
make an extended study of their optical properties. The
ground-state absorption of the 1-n series was measured in
solution and as a drop-casted thin film. The absorption of
the ODA series 1-n up to the octamer as a monodisperse so-
lution in 1,2-dichloroethane (DCE) is depicted in Figure 1.
Similar spectra were obtained in n-hexane and are given in
the Supporting Information.
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Figure 1. Electronic absorption spectra of methoxy-endcapped oligo-
diacetylenes 1-n (n=1-8) in DCE.

The C,, symmetry of the conjugated system of the ODAs
under study implies that the absorption spectrum is associat-
ed with the S, (1'B,) « S, (1'A,) transition.***>") The
steady-state absorption spectra recorded in both solvents
show the expected redshift of the maximum absorption
peak (4,.) and an increase of the extinction coefficient
(emay) With an increasing number of repeating enynic units
analogous to literature data reported for shorter diacet-
ylene-based series.*®*-#4] The longest-wavelength absorp-
tion maximum shows that this bathochromic shift decreases
significantly for the longer oligomers: A4, decreases from
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about 0.75 eV going from 1-1 to 1-2 to about 0.05 eV from
1-7 to 1-8 in both n-hexane and DCE. The solvent effect on
the shift of the electronic absorption is small for this series
of ODAs and is in agreement with previously reported data
for shorter all-trans-"*! and iso-PDA oligomers.” For ex-
ample, upon changing the solvent from n-hexane to DCE
the longest-wavelength absorption maximum for ODAs in-
creases from 0.02 eV (1 nm) for monomer 1-1 to 0.05eV
(8 nm) for octamer 1-8 (Table 1). This indicates that the
dipole moment p of the excited state of ODAs is only some-
what larger than that of the ground state.

Table 1. Absorption data of methoxy-endcapped oligodiacetylenes 1-n
(n=1-8) in n-hexane and DCE .

1-n (CL)® Amax [nm] ([eV]) Emax [ 10° dm’mol 'em™]
n-hexane DCE n-hexane DCE
1-1 (3) 274 (4.53) 275 (4.51) 24.0 25.8
1-2 (5) 327 (3.79) 330 (3.76) 334 39.9
1-3 (7) 361 (3.43) 366 (3.39) 45.7 59.6
14 (9) 388 (3.20) 395 (3.14) 51.9 85.3
1-5 (11) 401 (3.09) 410 (3.02) 63.1 100.5
1-6 (13) 414 (3.00) 422 (2.94) 72.7 112.6
1-7 (15) 422 (2.94) 430 (2.89) 85.5 123.2
1-8 (17) 427 (2.90) 435 (2.85) 99.7 133.4

[a] Conjugation length (CL)=number of double/triple bonds.

The extinction coefficient is also slightly affected by the
solvent polarity and this solvent effect depends on the
number of enynic units as well. For the shorter ODAs the
difference between ¢, in n-hexane and DCE is marginal
(7.5% in favor of the polar solvent for 1-1), but this increas-
es for the longer oligomers, up to 64 %. Clearly, the S, — S,
transition is more probable in polarisable DCE than in n-
hexane. It is also known that for conjugated polyenes®™ the
S, energy level decreases with solvent refractive index (n),
and this tendency is displayed for the series of ODAs, which
show lower values in DCE (n=1.445) than in n-hexane (n=
1.375).

The absorption maximum of the oligomers (expressed in
energy units) displays a linear relation to the reciprocal
number of conjugation length (1/CL) with CL=2n + 1 as
shown in Figure 2. An extrapolated A,,,, of 2.55 eV (487 nm)
is obtained for a polymer with n=8§ in n-hexane, whereas in
DCE a value of 248 eV (500 nm) was measured. The ab-
sorption maximum of the longest ODA (1-8) in solution is
427 and 435 nm in n-hexane and DCE, respectively, and the
absorption spectrum of the ODA series does not exceed
500 nm for any of the compounds (see Figure 1). For plots
like these, it is known that for extended oligomers they start
to deviate from linearity, and curve horizontally.®®! In
other words: based on the data that can be provided up to
the octamer 1-8, it can be expected that the isolated poly-
mer should display its maximum absorption at energies
larger than 2.5eV (~500nm). From this observation we
conclude that the reported longer wavelength absorptions
(Amax Up to 700 nm) for PDA chains®! are due to aggrega-
tion effects. Such aggregation generally plays a role in con-
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Figure 2. A, of the absorption of ODA series 1-n (n=1-8) in n-hexane
(o) and DCE (o) solution at micromolar concentrations (2x10~°m)
versus 1/CL.

jugated polymers, but is in our case negligible for these
oligomers in dilute solution. Also at higher concentrations,
up to 5mm, ODA solutions do not show any additional
high-wavelength absorption to suggest aggregation in solu-
tion. This was also the case when small amounts of meth-
anol or ethanol were added: up to the point that a stepwise
increase in the alcohol concentration starts to induce precip-
itation of the ODAs, no long-wavelength band could be ob-
served in the UV/Vis absorption spectrum. This indicates
that steric repulsion from the alkyl chains remains dominant
for ODAs in solution.

It is important to point out that the linear relationship of
the absorption maximum with 1/CL indicates that for the
longer ODAs elongation of the conjugation length is ob-
served (the curve does not yet flatten towards the y axis).
As a result, for these oligomers with up to 17 conjugated
double and triple bonds, the effective conjugation length
(ECL), in which the delocalization is predominantly present
in only part of the chain, is at least 17 and most likely > 20.
This is in contrast with the estimated ECL of 12 for PDA by
Wenz et al. ) and more in line with predictions of Giesa
and Schulz,*! who suggest that saturation should not occur
below CL=20. In the present case, conjugation is not signif-
icantly reduced by kinks or torsions in the oligomeric
chains, which shows the importance of detailed studies of
extensive series of well-defined conjugated oligomers. Anal-
ogous data presented for polytriacetylenes by Martin et al.
show truncation effects for that type of oligomer only with
more than 24 conjugated bonds.!”! Finally, a recent study of
oligoenes with up to 15 conjugated C=C bonds by Czeaka-
lius et al."™ is also in good agreement with the presented
linear correlation of A, the absorption maximum with 1/
CL.

Steady-state optical absorption in thin films: The optical ab-
sorption of the ODA series in the solid state was investigat-
ed in drop-casted thin films. The absorption spectrum was
taken 30 min after the evaporation of the solvent, and for 1-
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8 also after 12, 24, and 48 h. Because the shorter oligomers
up to n=3 are liquids, we prepared a trimer 1-3 OH having
a —C(CH;),CH,OH endcap rather than a —C-
(CH;),CH,OCH; endcap by a similar approach to that
shown in Scheme 4. This oligomer is a solid at room temper-
ature, thus readily allowing absorption measurements of its
drop-casted thin films. The absorption spectra are shown in
Figure 3 for all solid-state ODAs. A comparison between so-
lution and thin-film absorption is depicted in Figure 4 for 1-
3 and 1-8; other oligomers show similar effects and their ab-
sorption data are part of the Supporting Information.
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Figure 3. Normalized absorption spectra of drop-casted thin films of
methoxy end-capped ODAs 1-4 to 1-8, and hydroxy end-capped ODA
1-3 OH taken after 12 h.

The solid-state absorption spectra of the oligomers under
study consistently show two features that more or less devi-
ate from the data in solution (see Table 2). First, additional
higher-wavelength absorption occurs. Second, a clearly visi-
ble redshifted shoulder occurs that is already present for
shorter oligomers in solution, but not for longer oligomers.
The long-wavelength absorption feature is already detect-
able for the solid —OH end-capped 1-3 OH, in contrast to
the liquid —OCHj; end-capped 1-3 (Figure 4, top). Because
the end-cap modification has no significant effects on the
system and thus on the nature of the electronic transitions,
any differences between the absorption spectra of 1-3 OH
and 1-3 are due to differences in the phase (solid or liquid).
We attribute this solid-state effect to forced aggregation of
the chains, which induces the overlap of m—m orbitals and
the redshift of the A,,. In other words: the absorption at
>425 nm is due to solid-state effects. (The increase in the
absorption of the left shoulder in the spectrum is attributed
to light scattering.) This effect leads to substantial long-
wavelength absorption for longer oligomers as well, and for
1-8 for example, the absorption at >550 nm is clearly not
due to properties of isolated oligomer chains. It should be
noted that this long-wavelength absorption feature (absorp-
tion at >550 nm) does not occur in concentrated solutions
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Figure 4. Normalized absorption spectra of ODAs 1-3, 1-3 OH (top) and
1-8 (bottom) in n-hexane versus solid state (s).

Table 2. Solid-state absorption data of methoxy-endcapped oligodiacet-
ylenes 1-n (n=4-8) and 1-3 OH with a ter--OH endcap.

1-n (CL)[aJ Amax Amax right shoulder
[nm] ([eV]) [nm] ([eV])
1-3 OH (7) 363 (3.42) 392 (3.16)
1-4 (9) 392 (3.16) 431 (2.88)
1-5 (11) 413 (3.00) 452 (2.74)
1-6 (13) 425 (2.92) 467 (2.66)
1-7 (15) 438 (2.83) 483 (2.57)
1-8 (17) 445 (2.79) 495 (2.51)

[a] Conjugation length (CL)=number of double/triple bonds.

(up to 5 mm), indicating that the lateral alkyl chains provide
sufficient repulsion to prevent aggregation of the ODAs.
For longer oligomers, such as 1-8, the absorption spectrum

displays no features in solution, but in the solid-phase a
shoulder appears, which is already present for shorter oligo-
mers, such 1-3, in both phases (liquid or solid). We interpret
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this to mean that for short oligomers, the completely flat oli-
gomer geometry (C,,-like) is dominant, as was confirmed
from detailed photophysical studies.***! For longer oligo-
mers, entropic reasons might also allow other geometries to
play a role (e.g. with slight rotations around the C—C
bonds), and the lowest energy transition may even be fully
suppressed in solution for these reasons. In the solid state,
interchain interactions may force planarity, and thus bring
back the shoulder.

For long oligomers, such as 1-8, an additional 20 nm red-
shift of 1., in the spectrum is detected after 12 h, together
with a significantly increased long-wavelength absorption
(>550 nm for 1-8). We assign this to increased m—m stacking,
for which there is apparently sufficient driving force; even
though the process is relatively slow (time scale of several
hours) due to the restrictions of the solid phase, and/or slow
evaporation of trace remnants of the solvent. No marked
changes in the spectra occur after 24 or 48 h, which indicates
that the stacking process for these materials is largely finish-
ed within 12 h. Similar irreversible chromatic changes have
also been observed for a variety of PDAs.’!! For the first
time this systematic study of the optical properties of this
series of oligomers thus enables us to clearly distinguish
intra- and intermolecular effects on the light absorption of
elongated enynic systems.

Steady-state fluorescence in solution: Emission spectra mea-
sured for near-equimolar (2x10~°m) homogeneous solutions
of ODA series were recorded in n-hexane and DCE. The
emission spectra recorded in DCE are shown in Figure 5.
This plot shows a redshift of A, with an increasing chain
length n, whereas a maximum fluorescence quantum yield
(@) is observed for the trimer (@;=0.325; see Table 3);
both shorter and longer oligomers display less fluorescence.
The obtained quantum yields for the methoxy-endcapped
ODAs up to the trimer are similar to those previously re-
ported for analogous ODAs of similar length."*!! Upon fur-

40
- 11
35 - 42
= 1-3
) 30 - 1-4
v oz S— 1-5
E = — 16
[} [R— -
° 204 N :;
5 .
8 151
£
(]

wavelength [nm]

Figure 5. Fluorescence spectra of methoxy-endcapped oligodiacetylenes
1-n (n=1-8) in DCE.
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Table 3. Emission data of methoxy-endcapped oligodiacetylenes 1-n (n=
1-8) in DCE and n-hexane.

1-n Emission A,,,, [nm] ([eV]) Quantum Yield @, !

n-hexane DCE n-hexane DCE
1-1 307 (4.04) 309 (4.01) 0.004 0.009
1-2 404 (3.07) 395 (3.14) 0.029 0.057
1-3 471 (2.63) 457 (2.71) 0.159 0.325
14 515 (2.41) 510 (2.43) 0.015 0.029
1-5 515 (2.41) 515 (2.41) 0.004 0.011
1-6 lel 516 (2.40) el 0.011
1-7 (el 518 (2.39) fel 0.008
1-8 [l 520 (2.38) fel 0.008

[a] Quantum yield determined by comparison with quinine bisulfate in
0.1M H,S0,: &,=0.535', [b] Experimental error £0.002. [c] Not avail-
able due to marginal emission.

ther extension of the conjugation the @; becomes smaller
again. These values are in line with reported PDA polymer
data, which show marginal fluorescence quantum yields,
mostly lower than 0.001.5%%1 This can be explained by con-
sidering the electronic states involved in the light absorption
process and subsequent relaxation: after excitation to S,
(1'B,) (excitation to S; (1'A,) is symmetry forbidden),!**
rapid internal conversion takes place to the S, state with a
time constant of about 200 fs for trimer ODA.*! This value
matches rather closely with the lifetime of the photoexcited
1'B, exciton in blue-phase PDAs, which was concluded to
relax to the 2'A, exciton.’"*! As a result, efficient popula-
tion of the S, state through the S, state is expected, irrespec-
tive of conjugation length. The marked dependence of @; is
therefore related to a faster internal conversion from S, to
S, for longer ODAs, because longer conjugated chains pro-
vide an increasing density of states, which promotes internal
conversion. Similar correlations have been found for series
of polyenes.”* However for larger ODAs the symmetry
restriction to C,, might be less strict than for shorter ones
due to increased conformational freedom, the increase of
the rate for internal conversion will be likely to be substan-
tially larger. The overall result is thus the remarkable de-
crease of the fluorescence quantum yield.

The fluorescence quantum yield recorded for the tetramer
1-4 up to the octamer 1-8 decreases more rapidly in n-
hexane than in the more polar solvent DCE, with the emis-
sion recorded in DCE on average more than twice as high
as in n-hexane. The 0-0 transition is only clearly visible for
the emission of dimer 1-2. The shoulder at the high energy
side of the fluorescence band is less visible for trimer 1-3
and cannot be resolved for monomer and longer ODAs with
more than three monomeric units. With the present data it
is therefore not possible to study the evolution of the Stokes
shift with increasing conjugation length. This would have
been interesting given the significant Stokes shifts of the
smaller ODAs.*!

Fluorescence lifetimes and anisotropy: Picosecond time-re-
solved single photon counting at four different excitation
wavelengths (283, 304, 372, and 444 nm) was used to deter-
mine the fluorescence lifetimes of the oligomeric series 1-n.
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The observed lifetimes in the ODA series measured in n-
hexane and DCE are listed in Table 4. The decay curves can
be fitted with a sum of two exponentials. The data in

Table 4. The rotation correlation time 7 of 1-n (n=1-8).

1-n (CL)" T [ps]

n-hexane DCE
1-1 (3) 651! 95!
1-2 (5) 106! 180!
1-3 (7) 155 321
1-4 (9) 204 395
1-5 (11) 263 468
1-6 (13) [e] 540
1-7 (15) [e] 577
1-8(17) [e] 631

[a] Conjugation length. [b] Values are relatively inaccurate due to low
emission. [c] Not available due to marginal emission.

Table 4 indicate that the excited-state lifetimes of oligomers
are positively affected by the solvent polarity: in DCE the
lifetimes are generally longer than in n-hexane. Moreover,
the longest lifetime, in both solvents, is recorded for trimer
1-3. The average fluorescence lifetime 7,y Was calculated
according to:

Al AZ
TAVG 7A1 +A2t1 +A1 +AZT (1)

where A, and A, are the contributions of the decays ob-
tained from the curve fitting. The average lifetimes are
<60 ps for monomer and dimer, with a maximum around
600 ps for the trimer. For oligomers longer than three
enynic units the lifetime 7 ,yg in DCE decreases from
145 ps, recorded for 1-4, to 25 ps for 1-8. In n-hexane a simi-
lar trend is found, analogous to the trends shown for the
fluorescence quantum yields of the ODAs in Table 4.
Fluorescence depolarization (r) of the ODAs herein was
studied by picosecond time-resolved fluorescence anisotropy
measurements.”” This technique can provide information re-
garding the transition dipole moment and molecular geome-
try, and has proven to be useful in recent investigations of
the conformational behavior of (water)-soluble polymers in
solution.”"™ Since all-frans ODAs are roughly rod-shaped
in their most extended conformation, and possess a relative-
ly large axial ratio, the rotation of the molecules around the
longitudinal axis progresses evidently much faster than the
rotations around the two short, perpendicular axes, which
are not expected to differ significantly from each other. In
line with this, the observed anisotropy decay kinetics r(f) of
ODAs are mono-exponential, characterized by an initial ani-
sotropy value r, and one rotation correlation time (7z):1*”!

£(1) = ro x exp(—t/r) (2)

in which r, is determined by the angle vy between the absorp-
tion and emission transition moment:
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o= (30%2?—1) (3)

The recorded initial anisotropy value r, for all ODAs
under study was about 0.3, similar to that of trimeric ODAs
investigated previously.®***! This indicates a small angle
(~15°) between absorption and emission transition mo-
ments.

The rotation correlation times of anisotropy 7z for ODAs
recorded in n-hexane and DCE are listed in Table 5 for
those oligomers with sufficient fluorescence to determine
this (to 1-5 in n-hexane and to 1-8 in DCE).

Table 5. Fluorescence lifetimes 7 (in ps), their relative weights A, and
average lifetimes 7,y (in ps).

1-n (CL) n-hexane DCE
7 (P A) 7 (PA,) TAVG[b] 7 (BA) T (BA,) TAVG[h]

1-1 (3) 24 (100) 2451 (98) 647 (2) 37
1-2 (5) 20 (98) 843 (2) 45 47 (99) 850 (1) 55
1-3 (7) 278 (14) 647 (87) 596 237 (14) 663 (86) 603
1-4 (9) 76 (93) 697 (7) 120 67 (83) 523(17) 145
1-5 (11) 15(93) 563 (7) 53 31(85) 678 (15) 128
1-6 (13) dl (d] (dl 21(96) 288 (4) 32
1-7 (15) dl (d] (d] 24 (98) 284 (2) 29
1-8 (17) d (d] (d] 20 (98) 250 (2) 25

[a] Conjugation length. [b] Calculated by using Equation (1). [c] Values
not accurate, as instrument response time is 560 and 460 ps, respectively.
[d] Not available due to marginal emission.

The anisotropy lifetimes increase with the oligomer
length, which means that the rotation time around the per-
pendicular axis increases for longer oligomers. The overall
trend is illustrated in Figure 6, and shows a linear depen-
dence for 7z and the length of the fully stretched oligomer.
Such linearity has recently also been observed for conforma-
tionally rigid species of similar sizes.” Under simplified
conditions, 7, =mV/RT, and the molecular volume V ~Ir,
in which » =viscosity, /=Iength of the molecule, and r=mo-

700 - 1-8
y =154.0x - 84.1 DCE 17
600 4 R?=0.970 1-6 0
T 500 s 97
o b P
= 1-4 Q-
P
£ 400 - 13 0.~
& =
= O e
2 300 - 2
o n-hexane
2 2001 44
© y =100.8x - 84.3
100 - R%=0.983
0 T T T T T T T 1

1.0 1.5 2.0 25 3.0 3.5 4.0 45 5.0
ODA length [nm]

Figure 6. Anisotropy lifetimes versus the length of a fully stretched ODA
molecule for 1-1 to 1-8 in DCE (0), and for 1-1 to 1-5 in n-hexane (O).
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lecular diameter. In other words: 7z should be proportional
to the length of the molecule. Since the observed linear cor-
relation is with the length of the molecule in its fully extend-
ed shape, this provides clear evidence that there are no sig-
nificant geometrical changes of ODA structures within this
series. In other words: ODA oligomers in solution are
indeed largely fully stretched nm-sized molecular rods.

Conclusion

A Sonogashira reaction-based synthesis of a series of highly
soluble oligodiacetylenes (ODAs) was developed, with both
high yields in the chain elongation step (70-80%) and high
purity (>99 %). The series ranges from monomers to octam-
ers, which contain up to 17 double and triple bonds
(~3.9 nm) and have different endcaps and alkyl side chains.
The oxidative homocoupling of terminal acetylenes, which is
an undesirable side reaction, has been strongly reduced by
the use of an Hy/Ar atmosphere, which improves the yield
of the main product significantly.

Two effects were observed for the S,<S, transition of
ODAs:

1) The linearity of the plot of A, versus 1/CL (conjugation
length (CL)=number of double/triple bonds) displays
the undiminished elongation of the conjugation length
for oligomers up to 3.9 nm;

2) Solid-state absorption measurements display an addition-
al band in the visible region. This extra band is attributed
to intermolecular m—m stacking, which is marginal for
oligomers at micromolar concentrations (A,,=435nm
for all ODAs), but apparently dominant in PDAs for
which 4,,,, up to 700 nm have been observed.

The rotation correlation time of the anisotropy increases
linearly with the oligomer length, which shows that the
oligomers lack significant geometrical changes and kinks in
their conjugation. This provides evidence that the ODA
oligomers in solution are indeed fully stretched molecular
rods.

Experimental Section

Solvents and reagents: For all dry reactions performed under a steady
stream of argon (or reductive atmosphere of argon/hydrogen mixture
1:1), the equipment was dried in an oven at 150°C for several hours and
allowed to cool down in an atmosphere of dry nitrogen or argon. Pure,
dry, and degassed ether and THF were obtained by distillation of the
commercial material over sodium particles. CH,Cl, was distilled and
dried over calcium hydride or sodium hydride. Dry DMF was purchased
from Sigma-Aldrich and stored under argon. All other specified chemi-
cals were commercially purchased (Aldrich, Fluka or Riedel-de Haén)
and used without further purification.

General workup and purification procedure: Reaction monitoring and re-
agent visualization were performed on silica gel or reversed-phase silica
gel plates with UV-light (254 and 366 nm) combined with GC/MS_ Usual-
ly the reaction mixture was diluted with water and extracted (3x) with
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an organic solvent (petroleum ether 40-60, hexane, or ethyl acetate). The
combined organic extracts were washed with brine and dried over anhy-
drous sodium sulfate prior to filtration and evaporation of the solvent
under reduced pressure.

Flash chromatography was performed on commercially available silica
gel (0.035-0.070 nm pore diameter) and mixtures of freshly distilled pe-
troleum ether 40-60 and ethyl acetate or reversed-phase silica gel (0.04—
0.06 nm pore diameter Screening Devices) with freshly distilled mixtures
of acetonitrile and ethyl acetate. Final purification was performed on Shi-
madzu preparative HPLC by using a CI18 column (Alltech Alltima
250 mm x 22 mm; 5p) with HPLC-grade water, acetonitrile, and ethyl ace-
tate mixture.

Nuclear magnetic resonance spectroscopy and mass spectrometry:
"H NMR and "C NMR spectra were determined on a Bruker CXP 300
NMR spectrometer in CDCl; solutions unless indicated otherwise. Chem-
ical shifts are reported in ppm downfield relative to tetramethylsilane
(6=0 ppm for 'H) or based on the solvent peak (CDCl;) (6 =77.00 ppm
for ®*C NMR) as an internal standard. HRMS was performed on a Finni-
gan Mat95 mass spectrometer.

Steady-state absorption and fluorescence: Absorption spectra of the oli-
godiacetylenes in n-hexane (spectrophotometric grade, Riedel-de Haén)
and DCE (spectrophotometric grade, Sigma-Aldrich) were recorded by
using a Cary 100 UV/Vis spectrophotometer (scan range: 200-800 nm,
scan rate: 300 nmmin~', date interval 0.5 nm) and steady-state fluores-
cence by using a FLS920P Spectrometer (slit exc.: 2 nm, slit em.: 2 nm,
step: 1.0, dwell: 0.2 s). Absorption spectra of oligodiacetylenes in a film
obtained by drop casting were recorded on a Cary 50 UV/Vis spectro-
photometer (scan range 200-800 nm, scan rate 300 nmmin ', data inter-
val 0.5 nm).

Determination of fluorescence quantum yield in solution: To evaluate the
fluorescence quantum yield (@) of an ODA solution in n-hexane or
DCE, the areas of the corrected emission spectra were compared to a
spectrum of a reference solution of quinine bisulfate in 0.1 H,SO, mea-
sured at 366 nm having @;=0.535.) The fluorescence quantum yields of
the ODAs were determined by the relationship:

I ODg n?

= — 4
Pr @RIR OD ng? “)

In which 7 and I are the integrated emission intensities of the ODA and
quinine bisulfate solutions, respectively, OD refers to the optical densities
of the respective solutions and # is the refractive index.

Lifetime of fluorescence and fluorescence anisotropy in solution: The
fluorescence lifetime and anisotropy were recorded by using a FLS920P
Spectrometer (Edinburgh Instruments) for time-correlated photon count-
ing (TCSP) (time set up: 5 or 10 ns, 4096 channels; measurements stop-
ped after 10000 counts were obtained, and for 1-8 in a separate experi-
ment also after 24 h of data collection to check the influence of photo-
chemistry occurring after prolonged irradiation). Pulsed diode lasers
(372 nm, FWHM: 54 ps; 444 nm, FWHM: 63 ps) and pulsed LEDs
(283 nm, FWHM <500 ps; 304 nm, FWHM: < 350 ps (FWHM =full
width at half-maximum)) from PicoQuant were used as light sources. The
anisotropy measurements were performed by using vertical and horizon-
tal polarizations. All spectroscopic measurements were carried out under
magic angle conditions to avoid the possible influence of rotational mo-
tions of the probe molecules.

((E)-4-Iodo-3-propyloct-3-en-1-ynyl)trimethylsilane  (2): A  brown,
500 mL, two-necked, round-bottomed flask containing a solution of (E)-
5-(trimethylsilyl)-4-(2-(trimethylsilyl)ethynyl)non-4-ene ~ (8)  (12.50 g,
42.5mmol) and N-iodosuccinimide (20.0g, 88.9mmol) in CH,Cl,
(250 mL, distilled and degassed) was vigorously stirred for 3 h at room
temperature under an argon atmosphere. After addition of a saturated
aqueous solution of Na,S,0;, the reaction mixture was worked up ac-
cording to the general procedure and purified on reversed-phase silica
(CH;CN) to give a crude oil which was purified by reversed-phase chro-
matography (CH;CN/H,O, 90:10) to afford pure 2 (11.09 g, 31.9 mmol,
75%) as a colorless oil: 'HNMR (300 MHz, CDCLy): 6=0.20 (s, 9H),
0.95 (t, J=7.5Hz, 3H), 0.96 (t, J=7.7 Hz, 3H), 1.35 (t, J=7.4 Hz, 2H),
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1.49-1.63 (m, 4H), 2.30 (t, J=7.7 Hz, 3H), 2.88 ppm (t, J=7.4 Hz, 3H);
BCNMR: 6=0.0, 13.7, 14.1, 21.2, 21.5, 31.4, 43.3, 43.6, 99.4, 101.7, 119.2,
128.1 ppm; HRMS: m/z caled 348.0770 found 348.0771;.
(Z)-3-(Iodo(trimethylsilyl)methylene)-1-(trimethylsilyl)hex-1-yne (7): A
brown, 2 L, two-necked, round-bottomed flask filled with diethyl ether
(1200 mL, dry and degassed) and equipped with four pressure-equalized
dropping funnels containing 4 (15.00 g, 106.9 mmol, 19.6 mL), Ti(OiPr),
(39.51 g, 139,0 mmol, 41.0 mL), a solution of iPrMgCl in diethyl ether
(133.6 mL, 2.0M, 267.3 mmol), and 3 (7.35 g, 74.8 mmol, 10.6 mL) was
flushed with a constant flow of argon, stirred, and slowly cooled down to
—78°C. At —78°C, 4 and Ti(OiPr), were added dropwise along with the
2.0M solution of iPrMgCl. The solution was warmed up to —50°C over
60 min and its color changed from pale yellow to brown. After the solu-
tion was stirred at —55°C for 2 h, ethynyltrimethylsilane was added drop-
wise and the solution was stirred at —50°C for a further 2 h. Iodine
(62.4 g, 245.9 mmol) was added as a powder at —60°C and then the mix-
ture was slowly warmed up to room temperature and stirred for 2 h. The
resulting mixture was filtered through a pad of Celite and washed with
sodium thiosulfate solution and worked up according to the general pro-
cedure to give a crude oil of 6, which was subjected to the elimination re-
action. The crude oil was stirred at 0°C in pyrrolidine (100 mL) during
1 h in a brown three-necked flask under an argon atmosphere. After dilu-
tion of the mixture with petroleum ether 40-60 (100 mL), ammonium
chloride was added at 0°C. The reaction mixture was worked up accord-
ing to the general procedure, pre-purified on a silica gel column (5%
Et;N solution in petroleum ether 40-60) and finally purified on reversed-
phase silica (CH;CN/H,O, 80:20) to give pure 7 (16.45 g, 45.21 mmol,
60%) as a colorless oil; 'HNMR (300 MHz, CDCL;): 6=0.24 (s, 9H),
0.31 (s, 9H), 0.93 (t, J=7.4 Hz, 3H), 1.54-1.69 (m, 2H), 2.29-2.34 ppm
(m, 2H); "CNMR (75 MHz, CDCL): 6=0.0, 2.1, 13.7, 22.7, 39.2, 99.9,
109.6, 117.3, 142.1 ppm; HRMS: m/z calcd 364.0540 observed 364.0539.
(E)-5-(Trimethylsilyl)-4-(2-(trimethylsilyl)ethynyl)non-4-ene (8): A
brown, 1L, three-necked, round-bottomed flask filled with 7 (16.45 g,
45.2 mmol) in THF (500 mL, dry and degassed) was equipped with two
pressure-equalized dropping funnels filled with 1.6m nBuLi solution in
hexane (57 mL, 91 mmol) and 1-iodobutane (8.89 g, 48.3 mmol, 5.5 mL).
The apparatus was kept under a continuous flow of argon. The solution
was stirred vigorously at —78°C and nBuLi was added dropwise over
60 min. After an additional 30 min, the 1-iodobutane was added to com-
plete the reaction. The mixture was warmed up to room temperature,
quenched with a saturated solution of NH,CI at 0°C, and worked up ac-
cording to the general procedure. The residue was purified on reversed-
phase silica (CH;CN) to give pure 8 (12.71 g, 43.2 mmol, 96 %) as a color-
less oil; '"H NMR (300 MHz, CDCL;): 6=0.24 (s, 9H), 0.31 (s, 9H), 0.92
(t, J=7.4Hz, 3H), 0.93 (t, J=7.4 Hz, 3H), 1.35 (t, J=7.3 Hz, 2H), 1.49-
1.63 (m, 4H), 2.34 (t, J=7.5Hz, 3H), 2.41 ppm (t, /J=7.4Hz, 3H);
BC NMR (75 MHz, CDCLy): 6=0.0, 0.3, 13.6, 14.0, 21.3, 21.5, 31.1, 43.5,
43.6, 99.4, 101.7, 119.2, 129.6 ppm; HRMS: caled 294.2200; found
294.2199.

(E)-5-(Trimethylsilyl)-4-(2-(trimethylsilyl)ethynyl)dodec-4-ene  (8a): A
few drops of 1-bromoheptane (1.00 g, 5.58 mmol, 1.14 mL) were added to
a stirred suspension of lithium (6.94 g, 100 mmol) in dry and degassed di-
ethyl ether (50 mL) at room temperature under an argon atmosphere
until the reaction mixture became cloudy. Then, the reaction mixture was
cooled to —20°C and the remaining 1-bromoheptane (16.91 g, 94.4 mmol,
148 mL) was added dropwise. This mixture was allowed to warm to
room temperature and was stirred for 1 h. The solution was stored under
argon and used without further purification. A brown 50 mL, three-
necked, round-bottomed flask filled with 7 (450 mg, 1.24 mmol) in THF
(25mL, dry and degassed) was equipped with two pressure-equalized
dropping funnels filled with ~2.0m n-HepLi solution in ether (5mL,
2.5 mmol) and 1-bromoheptane (223.9 mg, 1.25 mmol, 0.20 mL). The ap-
paratus was kept under a continuous flow of argon. The solution was
stirred vigorously at —78°C and n-HepLi was added dropwise over
30 min. After an additional 30 min, 1-bromoheptane was added to com-
plete the reaction. The mixture was warmed up to room temperature,
quenched with a saturated solution of NH,Cl at 0°C, and worked up ac-
cording to the general procedure. The residue was purified on reversed-
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phase silica (CH;CN) to give 8a (381 mg, 1.10 mmol, 88 %) as a colorless
oil. "HNMR (300 MHz, CDCl;): 6=0.24 (s, 9H), 0.31 (s, 9H), 0.91 (t,
J=74Hz,3H),0.92 (t,/J=7.4 Hz, 3H), 1.35 (t, /=7.3 Hz, 2H), 1.48-1.64
(m, 10H), 234 (t, J=75Hz, 3H), 241 ppm (t, J=7.4Hz, 3H);
BCNMR: 6=0.0, 0.4, 13.4, 14.1, 21.3, 21.50, 31.1, 33.4, 34.2, 34.5, 43.4,
43.5, 99.3, 101.6, 119.0, 129.4 ppm; HRMS m/z: calcd: 336.2669 observed
336.2666.

(E)-5-Butyl-2-methyl-6-(2-(trimethylsilyl) ethynyl)non-5-en-3-yn-2-ol  (9):
A mixture of 2 (10.0g, 28.7 mmol), 2-methylbut-3-yn-2-ol (4.83 g,
57.7 mmol, 5.6mL), [Pd(PPh;),] (1.62g, 1.4 mmol), Cul (133 mg,
0.7 mmol), and dry, degassed diethylamine (70 mL) in THF (180 mL) was
placed anaerobically in a dried 500 mL two-necked round-bottomed
flask, equipped with a magnetic stirrer, an argon in- and outlet, and a
pressure-equalized dropping funnel. The mixture was stirred for 4 h at
30°C, concentrated, and filtered over a short silica gel column (5% Et;N
solution in petroleum ether 40-60). The residue was purified on re-
versed-phase silica (CH;CN/EtOAc 8.5:1.5) to give pure 9 (6.98¢,
23.0 mmol, 80%) as a pale yellow oil: "H NMR (300 MHz, CDCL;): 6=
0.20 (s, 9H), 0.92 (t, J=7.4 Hz, 3H), 0.93 (t, J=7.4 Hz, 3H), 1.35 (t, /=
7.3 Hz, 2H), 1.49 (s, 6H), 1.49-1.63 (m, 4H), 2.35 (t, J=7.5Hz, 3H),
2.42 ppm (t, J=7.4 Hz, 3H); *CNMR: 6=0.0, 13.6, 13.9, 21.6, 22.0, 31.5,
324, 34.6, 36.8, 68.7, 81.6, 101.3, 102.8, 104.4, 129.0, 130.7 ppm; HRMS:
calcd 304.2222; found 304.2235.
((E)-4-Butyl-7-methoxy-7-methyl-3-propylocta-3-en-1,5-diynyl)trimethyl-
silane (1-I): A solution of 9 (6.50 g, 21.4 mmol) in dry, degassed THF
(125 mL) was placed anaerobically in a dried 250 mL two-necked round-
bottomed flask, equipped with a magnetic stirrer and an argon in-and
outlet. Sodium hydride (1.0 g, 25.0 mmol, 60% dispersion in mineral oil)
was added in small portions. After hydrogen evolution had ceased, Mel
(426 g, 30mmol, 1.87mL) was added slowly and the mixture was
warmed gently. After about 30 min Nal precipitated from the solution.
The reaction was then quenched with H,O (30 mL), and petroleum ether
40-60 (75 mL) was added followed by workup according to the general
procedure. After purification on reversed-phase silica (CH;CN/EtOAc
8.0:2.0) pure 1-1 (6.24 g, 19.6 mmol, 92 %) was obtained as a pale yellow
oil: "H NMR (300 MHz, CDCl;): 6=0.20 (s, 9H), 0.92 (t, J=7.4 Hz, 3H),
0.93 (t, J=7.4Hz, 3H), 1.35 (t, J=73Hz, 2H), 1.49 (s, 6H), 1.49-1.63
(m, 4H), 2.35 (t, J=7.5Hz, 3H), 2.42 (t, J=7.4 Hz, 3H), 3.37 ppm (s,
3H); "C NMR (75 MHz, CDClLy): 6=0.0, 13.6, 13.9, 21.6, 22.0, 28.4, 30.4,
34.6, 36.8, 51.7, 71.2, 83.6, 100.3, 103.1, 104.4, 129.1, 130.5 ppm; HRMS:
caled: 318.2379; found: 318.2381.

General method for protodesilylation of oligodiacetylene series (1-n) fol-
lowed by catalytic Sonogashira coupling with iododiacetylene (2) illus-
trated in Scheme 5: i) A solution of (1-r) (1 equiv) in THF/MeOH (1:1,
5 mL/mmol) was stirred in a round-bottomed flask. H,O (3 drops/mmol)
and K,CO; (2 equiv) were added to the solution and it was stirred for
3 h. After following the general workup procedure, the terminal acety-
lene (10-n) was submitted to the catalytic chain elongation step (ii). ii) A
mixture of 2 (10 equiv), [Pd(PPh;),] (5 mol %), Cul (2mol%), and dry,
degassed diethylamine (2 mL/mmol) and THF (5 mL/mmol) was placed
anaerobically in a dried, brown two-necked round-bottomed flask,
equipped with a magnetic stirrer, an argon/hydrogen in- and outlet, and a
pressure-equalized dropping funnel containing terminal acetylene (10-n)
(1 equiv). The terminal acetylene was added slowly (over 6 h) to the
stirred mixture under a constant flow of argon/hydrogen (1:1). The mix-
ture was further stirred overnight at 25°C, concentrated, and filtered
over a short silica gel column (5% Et;N solution in petroleum ether 40—
60). The residue was pre-purified on reversed-phase silica (CH;CN/
EtOAc) and finally purified on preparative HPLC to give pure (99.5%)
diacetylene (1-r) and a quantitive recovery of iododiacetylene (2).
((3E,7E)-4,8-Dibutyl-11-methoxy-11-methyl-3,7-dipropyldodeca-3,7-dien-
1,5,9-triynyl) trimethyl- silane (1-2): Pale yellow oil (2.22 g, 4.76 mmol,
82 %) from 1-1 (1.85 g, 5.81 mmol); '"H NMR (300 MHz, CDCL;): 6 =0.20
(s, 9H), 0.89-0.95 (m, 12H), 1.28-1.41 (m, 4H), 1.46 (s, 6H), 1.46-1.62
(m, 8H), 2.32-2.49 (m, 6H), 3.38 ppm (s, 3H); "CNMR (75 MHz,
CDCly): 6=0.0, 13.6, 13.6, 13.9, 14.0, 21.7, 22.1, 22.2, 28 .4, 30.5, 30.7, 34.7,
34.9, 36.9, 37.1, 51.7, 71.2, 84.0, 97.9, 98.5, 100.2, 103.7, 104.8, 128.8, 128.9,
129.4, 131.2 ppm; HRMS mi/z: calcd: 466.3631; found 466.3634.
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(3E,7E,11E)-4,8,12-Tributyl-15-methoxy-15-methyl-3,7,11-tripropylhexa-
deca-3,7,11-trien-1,5,9,13-tetraynyl) trimethylsilane (1-3): Yellow oil
(1.08g, 1.76 mmol, 78%) from 1-2 (1.05g, 2.25mmol); 'HNMR
(300 MHz, CDCl;): 6=0.21 (s, 9H), 0.90-0.96 (m, 18H), 1.30-1.42 (m,
6H), 1.51 (s, 6H), 1.51-1.66 (m, 12H), 2.36-2.50 (m, 12H), 3.39 ppm (s,
3H); ®CNMR (75 MHz, CDCl,): 6=0.0, 13.6, 13.6, 13.6, 13.9, 14.0, 14.0,
21.8, 21.9, 22.1, 22.2, 22.3, 28.4, 30.5, 30.7, 30.8, 34.7, 34.9, 35.0, 37.0, 37.1,
37.3, 51.7, 71.2, 84.0, 98.4, 98.6, 98.6, 99.0, 100.30, 103.8, 104.8, 128.8,
128.9, 129.1, 129.5, 129.7, 131.3 ppm; HRMS: m/z calcd: 614.4883; found:
614.4888.

(SE9E,13E)-59,13-Tributyl-2-methyl-14-(2-(trimethylsilyl) ethynyl)-6,10-
dipropylheptadeca-5,9,13-trien-3,7,11-triyn-2-0ol (1-3 OH): Pale yellow
solid (300 mg, 0.50 mmol, 80% ). "H NMR (300 MHz, CDCl;): 6=0.20 (s,
9H), 0.90-0.96 (m, 18H), 1.30-1.42 (m, 6H), 1.51 (s, 6H), 1.51-1.66 (m,
12H), 2.36-2.50 ppm (m, 12H); *C NMR (75 MHz, CDCl,): 6=0.0, 13.6,
13.6, 13.6, 13.9, 14.0, 14.0, 21.8, 21.9, 22.1, 22.2, 22.3, 28.4, 30.5, 30.7, 30.8,
34.7, 34.9, 35.0, 37.0, 37.1, 37.3, 71.2, 84.0, 98.4, 98.6, 98.6, 99.1, 100.3,
103.8, 104.8, 128.8, 128.9, 129.1, 129.5, 129.7, 131.3 ppm; HRMS m/z:
calcd: 600.4726; found: 600.4719.
((3E,7E,11E,15E)-4,8,12,16-Tetrabutyl-19-methoxy-19-methyl-3,7,11,15-
tetrapropylicosa-3,7,11,15-tetraen-1,5,9,13,17-pentaynyl)trimethylsilane
(1-4): Yellow solid (1.31g, 1.72mmol, 75%) from 1-3 (1.41g,
2.29 mmol); '"H NMR (300 MHz, CDCl;): 6=0.21 (s, 9H), 0.91-0.97 (m,
24H), 1.30-1.42 (m, 8H), 1.51 (s, 6H), 1.51-1.67 (m, 16H), 2.36-2.52 (m,
16H), 3.39 ppm (s, 3H); "CNMR: 6=0.0, 13.6, 13.6, 13.7, 13.9, 14.0,
21.8, 21.9, 22.1, 22.2, 22.3, 28.4, 30.5, 30.7, 30.8, 34.7, 34.9, 35.1, 35.1, 37.0,
37.1, 37.3, 51.7, 71.2, 84.0, 98.5, 98.7, 98.8, 99.2, 100.3, 103.8, 104.8, 128.8,
128.9, 129.2, 129.5, 129.6, 129.7, 131.3 ppm; HRMS m/z: calcd: 762.6135;
found: 762.6131.
((3E,7E,11E,15E,19E)-4,8,12,16,20-Pentabutyl-23-methoxy-23-methyl-
3,7,11,15,19-pentapropyltetracosa-3,7,11,15,19-pentaen-1,5,9,13,17,21-
hexaynyl)trimethylsilane (1-5): Yellow solid (0.82 g, 0.90 mmol, 70%)
from 1-4 (0.98 g, 1.29 mmol); 'H NMR (300 MHz, CDCl;): 6=0.21 (s,
9H), 0.90-0.97 (m, 30H), 1.30-1.43 (m, 10H), 1.51 (s, 6H), 1.51-1.68 (m,
20H), 2.37-2.52 (m, 20H), 3.39 ppm (s, 3H); *C NMR (75 ppm, CDCl;):
0=0.0, 13.6, 13.6, 13.7, 13.9, 14.0, 21.8, 21.9, 22.1, 22.2, 22.3, 28.4, 30.6,
30.7, 30.9, 34.8, 34.9, 35.1, 37.0, 37.1, 37.3, 51.7, 71.2, 84.0, 98.5, 98.7, 98.8,
99.2, 99.3, 99.3, 100.3, 103.8, 104.9, 128.8, 128.9, 129.2, 129.2, 129.5, 129.6,
129.7,129.7, 131.3 ppm; HRMS m/z: calcd: 910.7387 found: 910.7406.
((3E,7E,11E,15E,19E,23F)-4,8,12,16,20,24-Hexabutyl-27-methoxy-27-
methyl-3,7,11,15,19,23-hexapropyloctacosa-3,7,11,15,19,23-hexaen-
1,5,9,13,17,21,25-heptaynyl)trimethylsilane (1-6): Yellow solid (450 mg,
0.42 mmol, 72%) from 1-5 (528 mg, 0.58 mmol); '"H NMR: (300 MHz,
CDCL): 6=0.21 (s, 9H), 0.91-0.98 (m, 36 H), 1.30-1.43 (m, 12H), 1.51 (s,
6H), 1.51-1.68 (m, 24H), 2.37-2.53 (m, 24H), 3.39ppm (s, 3H);
BCNMR: 6=0.0, 13.6, 13.6, 13.9, 14.0, 21.8, 21.9, 21.9, 22.1, 22.2, 22.3,
28.4, 30.6, 30.7, 30.9, 30.9, 34.8, 34.9, 35.1, 37.0, 37.1, 37.3, 51.7, 71.2, 84.0,
98.5, 98.7, 98.8, 99.2, 99.3, 99.3, 99.4, 99.4, 100.4, 103.8, 104.7, 128.8, 128.9,
129.2, 129.3, 129.5, 129.6, 129.7, 129.7, 131.3 ppm; HRMS: calcd:
1058.8639; found: 1058.8632.

((3E,7E,11E,15E,19E,23E 27F)-4,8,12,16,20,24,28-Heptabutyl-31-meth-
oxy-31-methyl-3,7,11,15,19,23,27-heptapropyldotriaconta-3,7,11,15,-
19,23,27-heptaen-1,5,9,13,17,21,25,29-octaynyl)trimethylsilane 1-7):
Yellow-orange solid (140 mg, 1.16 mmol, 68%) from 1-6 (180 mg,
1.70 mmol); '"H NMR (300 MHz, CDCl,): 6=0.21 (s, 9H), 0.91-0.98 (m,
42H), 1.30-1.44 (m, 14H), 1.51 (s, 6H), 1.51-1.68 (m, 28H), 2.37-2.53
(m, 28H), 3.39 ppm (s, 3H); "CNMR (75 MHz, CDCL;): 6=0.0, 13.6,
13.6, 13.9, 14.0, 21.8, 21.9, 22.1, 22.2, 22.3, 28.4, 30.6, 30.7, 30.9, 30.9, 34.8,
34.9, 35.1, 37.0, 37.1, 37.3, 51.7, 71.2, 84.0, 98.5, 98.7, 98.8, 99.2, 99.3, 99.3,
99.4,99.4, 99.5, 100.4, 103.9, 104.9, 128.8, 128.9, 129.2, 129.3, 129.5, 129.6,
129.7, 129.7, 131.3 ppm; HRMS: calcd: 1206.9891; found: 1206.9886.
(BE,7E,11E,5E,19E,23E,27E,31F)-4,8,12,16,20,24,28,32-Octabutyl-35-
methoxy-35-methyl-3,7,11,15,19,23,27,31-octapropylhexatriaconta-
3,7,11,15,19,23,27,31-octaen-1,5,9,13,17,21,25,29,33-nonaynyl) trimethylsi-
lane (1-8): Orange solid (80 mg, 0.06 mmol, 69%) from 1-7 (109 mg,
0.09 mmol); "H NMR(300 MHz, CDCL;): §=0.21 (s, 9H), 0.91-0.98 (m,
48H), 1.30-1.44 (m, 16H), 1.51 (s, 6H), 1.51-1.69 (m, 32H), 2.37-2.53
(m, 32H), 3.39 ppm (s, 3H); "CNMR (75 MHz, CDCL;): 6=0.0, 13.6,
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13.6, 13.9, 14.0, 21.8, 21.9, 21.9, 22.1, 22.2, 22.3, 28.4, 30.6, 30.7, 30.9, 30.9,
34.8, 34.9, 35.1, 37.0, 37.1, 37.3, 51.7, 71.2, 84.0, 98.5, 98.7, 98.8, 99.2, 99.3,
99.3, 99.4, 99.4, 100.4, 103.9, 104.9, 128.8, 128.9, 129.2, 129.3, 129.5, 129.6,
129.7, 129.7, 131.3 ppm; HRMS m/z: caled: 1355.1143; found: 1355.1156.
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